p^pOT/TTO 17 MAY ?W 

PCT/ SE 03/01 783 



PATENT- OCH R.EGISTR.ERINGSVERK.ET 

Patentavclelningen 



Intyg 

Certificate 




'"4 . & 



Harmed intygas att bifogade kopior over ens stammer med de 
handling ar som ur sprung ligen ingivits till Patent - och 
registreringsverket i nedannamnda ansokan. 

This is to certify that the annexed is a true copy of 
the documents as originally filed with the Patent- and 
Registration Office in connection with the following 
patent application. 



(71) Sokande Lars Sunnanvader, Hechingen DE 

Applicant (s) 



(21 ) Patentansokningsnummer 0203396-7 
Patent application number 



recd 1 0 DEC 2003 



PCT 



(86) Ingivhingsdatum 
Date of filing 



2002-11-18 



Stockholm, 2003-11-25 



For Patent- och registreringsverket 
For the Patent- and Registration Office 




Lisa Junegren 

Avgift 
Fee 



R ULE 17.1(a) OR <W 



PATENT- OCH 
REGISTRERINGSVERKET 

SWEDEN 



Postadress/Adress Telefdn/Phone Telex 

Box 5055 +46 8 782 25 CO 17978 

S-102 42 STOCKHOLM Vx 08-782 25 00 PATOREG S 



Telefax 

+48 8 668 02 86 
08-666 02 86 



BEST AVAILABLE COPY 



02-11-15 P:4121-005 sm/ras 



Title of the Invention 

Method and apparatus for non-invasive measurement 
5 of a temperature change inside a living body. 

Background of the invention 

10 Field of the invention 

The invention relates generally to method and ap- 
paratus for non-invasive measurement of a change of the 
temperature inside a living body, from the outside or a 
cavity of the living body. 

15 When an ultrasound wave passes through a material 

such as body tissue energy of the ultrasonic wave is 
absorbed and the wave is attenuated. The part of the 
ultrasonic wave that is absorbed is converted substan- 
tially to heat energy. Therapeutic ultrasound i.e. high 

20 intense ultrasound is used for heat treatment of i. a. 
muscles and other structures in the living body mostly 
in order to increase the blood flow through the struc- 
ture and to speed up the healing thereof. The heating 
by therapeutic ultrasound is effected up to about 3 

25 W/cm 2 . The temperature of the heated structure and the 
surrounding tissue is not controlled. Recently the 
MR-technique has been used, but it is an expensive a 
slow technique. Therefore, in this case as when tissue 
is destructed by local heating to a temperature of 

30 42 to 95° or when a stent inserted into a blood vessel 
is heated for heat treatment of abnormalities in the 
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vessel reliable control of the temperature change in 
the tissue or the stent during the treatment is desired 
in order to effect the treatment without injuring tis- 
sue surrounding the region to be treated by ultrasound 
5 heating. 

Description of the Prior Art 
It is known in the art to provide temperature con- 
trol during non- invasive treatment of a target area in- 

10 side a living body. Thus, JP-A-1233337 describes method 
and apparatus for measuring temperature of an object 
which cannot be approached from the outside, such as 
tissue inside a human body, which is heated by external 
heater, wherein an ultrasonic wave is transmitted to 

15 the object. A reflected wave therefrom is subjected to 
A/D conversion and the sensed wave is cut out at each 
one wavelength for frequency analysis. The temperature 
of the object is calculated therefrom on the basis of a 
predetermined relationship between a peak frequency of 

20 a frequency distribution obtained by the analysis, or a 
half -width thereof, and the temperature of the object. 

US-A-5 370 121 describes method and apparatus for 
non-invasively measuring a temperature change between 
two points in a region of interest in the inside of a 

25 living subject which is treated with heating radiation. 
A first ultrasound wave form, containing at least one 
ultrasound pulse is emitted into the subject at a first 
point of time and is incident on the region of interest 
which reflects a corresponding first set of echo sig- 

30 nals from which a first ultrasound image is generated 
and stored. A second ultrasound waveform identical to 
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the first ultrasound wave form is emitted into the sub- 
ject at a second point in time incident on said region 
which reflects a corresponding second set of echo sig- 
nals. A second ultrasonic image is generated therefrom. 
5 From the first and second ultrasonic images a differen- 
tial ultrasound image is generated. A temperature 
change, if any, in the region of interest is identified 
during the course of producing ultrasound images of the 
region by determining the change of the acoustic imped- 
10 ance of the region of interest between the first and 

second points in time, a temperature change being allo- 
cated to the impedance change. 

US-A-4 807 633 describes method and apparatus for 
non- invasive thermometry which is based on the observa- 
15 tion that attenuation of a transmitted or reflected 

beam of ultrasound in tissue changes measurably as tis- 
sue temperature changes. The prior art method and appa- 
ratus comprise periodic amplitude measurement of back- 
scattered ultrasound. 
20 US-A-6 050 943 relates to a combined imaging , 

therapy and temperature monitoring system comprising an 
acoustic transducer assembly configured to enable the 
ultrasonic system to perform the imaging, therapy and 
temperature monitoring functions. The transducer assem- 
25 bly includes a single transducer which is operatively 
connected to an imaging subsystem, a therapy subsystem 
and a temperature monitoring subsystem. The therapy 
subsystem can generate high power acoustic energy to 
heat a treatment region, and the temperature monitoring 
30 subsystem can map and monitor the temperature of tissue 
in said region and display the temperature on a dis- 
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play. Mapping of the temperature distribution in tissue 
in the treatment region is accomplished by measuring 
the time-of -flight and amplitude data of acoustic 
pulses through said region while exploiting the tem- 

5 perature dependence of the speed of sound and acoustic 
attenuation in the tissue of the treatment region. Im- 
aging, temperature heating and temperature monitoring 
of the treatment region can be conducted substantially 
s imul taneously . 

10 US 4 566 46 0 describes method and apparatus for 

measuring a non-linear parameter A/B of an acoustic me- 
dium or its distribution, and the application of the 
parameter to non- invasive measurement of internal tem- 
perature of a sample. A continuous wave ultrasonic 

15 probing beam is radiated through the sample, and a 

pumping wave which is an ultrasonic pulse is superposed 
on the probing beam. A phase change in the probing beam 
caused by the pumping wave is detected and from this 
phase change the non- linear parameter (B/A) is ob- 

20 tained. Prom the information concerning the variation 
of the measured value of said parameter the inner tem- 
perature of the sample is obtained. 

US 5 360 268 describes an ultrasonic temperature 
measuring apparatus measuring the temperature of a me- 

25 dium, which includes a transmitter for transmitting ul- 
trasonic waves and a receiver for receiving the ultra- 
sonic waves and providing a received signal. An opera- 
tion unit calculates the propagation time of the ultra- 
sonic waves, and the temperature in the medium is de- 

30 termined according to the propagation time of the ul- 
trasonic waves. 
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US 4 817 615 describes an ultrasonic diagnostic 
apparatus which includes an ultrasonic transducer for 
transmitting an ultrasonic wave into a body to be exam- 
ined and receiving the reflected ultrasonic wave, phase 
5 variations being detected to obtain fluctuation of the 
temperature within the body. 

A similar ultrasonic pulse temperature determina- 
tion method and apparatus are described in US 4 754 7 60 
wherein ultrasound pulses are transmitted into a speci- 

10 men and the attenuation of the ultrasound pulses be- 
tween different depths in the specimen is determined 
before and after heating of the specimen. The change in 
temperature of the specimen is determined from the ob- 
tained attenuation values. 

15 JP 61280533 describes an apparatus for measuring 

internal temperature of a living body by reflected ul- 
trasonic wave delivered to the interior of the living 
body. Spectral analysis is applied to the frequency of 
the reflected wave and the change quantity of the fre- 

20 quency spectrum of the reflected wave is calculated and 
is converted to a temperature change quantity. 

The prior art methods and apparatuses do not pro- 
vide the precision in measuring the temperature of the 
target as is required in order to provide an accurate 

25 temperature control for an adequate therapeutic treat- 
ment, and/or require use of several measuring points, 
which makes the use of the prior art methods and appa- 
ratuses rather complicated. 
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Brief Summary of the Invention 

The object of the invention is to overcome the 
5 drawbacks mentioned above and to provide method and ap- 
paratus for accurate measuring of the temperature in a 
very small area of a target within a region which is 
ultrasonically heated, especially for treating a vessel 
using stent material or for destructing tissue such as 
10 cancer tissue, by using back scattered ultrasound from 
the target for the temperature measurements. 

More particularly the invention provides method 
and apparatus allowing control of the temperature in a 
target heated by pulsed therapeutic high intense ultra- 
15 sound, after each therapeutic pulse in order to produce 
a well adjusted energy dose for creating an adequate 
temperature of a confined small area of the target. 

In order to achieve the above object the invention 
provides a method according to claim 1 and an apparatus 
20 according to claim 9. 

Further features of the invention are defined in 
the dependent claims . 

Brief Description of the Drawing 

FIG 1 is a block diagram of an apparatus of the 
invention, 

FIG 2 is a time diagram of the procedure applied 
when using the apparatus of FIG 1, 

FIG 3 is a frequency spectrum of a pulse of back 
scattered ultrasound, and 
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PIGS 4 and 5 are diagrams illustrating the fre- 
quency peaks of the harmonics of the back scattered 
pulse . 

5 Detailed Description of the Invention 

Referring to FIG 1 the apparatus for practising 
the method of the invention comprises a control unit 10 
including a transmitter 11 for generating low intense 

10 (diagnostic) ultrasound energy for temperature measur- 
ing, and a transmitter 12 for generating high intense 
therapeutic ultrasound energy, the ultrasound energy 
being transmitted by a transducer 13 comprising a num- 
ber of ultrasound emitters formed by thin ceramic 

15 plates 14 mounted to a reflecting bowl shaped mounting 
system 15 focusing the transmitted ultrasound energy. 
The two transmitter circuits can also be combined to 
form a single circuit for therapeutic as well as diag- 
nostic purposes. Therapeutic ultrasound energy gener- 

20 ated by the transmitter 12 is emitted from the trans- 
ducer 13 which is applied against an outside surface of 
the body tissue, for treatment of the tissue in a tar- 
get region T of body tissue e. g. cancer tissue , to be 
treated, or to a stent located in a blood vessel. It is 

25 also possible to use phased array transducer systems 
both for treating and temperature measuring instead of 
the described bowl shaped transducer arrangement. The 
target region T is located between first and second 
tissue surfaces A and B. The thickness of the target 

30 region T between surfaces A and B is defined by apply- 
ing one or the other of prior art methods developed for 
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said purpose* Transducer 13 is adjusted to focus the 
emitted ultrasound energy on an area F located in the 
target region T. In FIG 1 the focused area F in the 
target region T has an ellipsoid form of a size which 
5 is substantially the same as that of a grain of rice 

but can be smaller or larger depending on the construc- 
tion. A sensor 17 is provided in transducer 13 for 
picking up back scattered ultrasound echo signals. A 
receiver 18 including a wide band amplifier with con- 
10 trolled amplification is provided for receiving and am- 
plifying the picked up ultrasound echo signals. Re- 
ceiver 18 is connected to an analogue/digital converter 
19 with memory and with a high sampling frequency fs 
ranging from > 3 x fo to about 20 x fo where fo is the 
15 fundamental frequency (first harmonic) of the echo sig- 
nal , for converting signals received by the receiver 
from analogue form to digital form in order to facili- 
tate subsequent signal processing, fo can be of differ- 
ent frequency with a variation in bandwidth for optimal 
20 temperature sensitivity. Output signals from the re- 
ceiver are transmitted via the converter to an analyser 
2 0 which can be an FFT (fast Fourier transform) ana- 
lyser or a Doppler analyser, an analyser operating ac- 
cording to the wavelet technique, or an analyser corre- 
25 lating echoes from different types and configuration of 
transmitted ultrasound pulses. A single analyser of one 
of the types mentioned or a combination thereof can be 
provided. The output signal from the analyser (or each 
analyser) is transferred to a complex comparing circuit 
30 21 herein referred to as a comparator wherein the sigr 
nal is compared with a reference stored therein. As an 
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optional feature (used or not used) comparator 21 is 
operatively connected to transmitter 10. When a com- 
parison indicates that the input signal equals a pre- 
set reference value the comparator shuts of transmitter 

5 12 . Analyser 20 is connected to a calculator 22 includ- 
ing programs for processing the received back scattered 
echo signals. A display 23 is connected to comparator 
21 and a calculator 22 for visually presenting the pa- 
rameters of interest. 

10 Parameters of the treatment such as ultrasound in- 

tensity, type of pulse sequence, depth of target region 
T, frequency of the ultrasound, and selected tempera- 
ture are programmed or set on control unit 10 and meas- 
ure the temperature in every focal point. 

15 Reference is made to FIG 2 which illustrates dia- 

grammatically a typical sequence for. effecting a non- 
invasive treatment by means of therapeutic high intense 
ultrasound the several steps being marked on a time 
axis . 

20 A therapeutic ultrasound pulse 1 is emitted from 

the apparatus for about 1.3 seconds and then there is a 
pause to the next therapeutic ultrasound pulse 1' for a 
period of 8.7 seconds. This can also be scaled down by 
approximately a factor of 10, and also the pulse dura- 

25 tion can be changed. During the pause of 8.7 seconds 

between pulses 1 and 1' a temperature diagnostic pulse 
2 from transmitter 11 is emitted by transducer 13 and 
the result of the treatment is checked by using the 
back scattered echo E2 from pulse 2 and the back scat- 

30 tered echo E2 ' from pulse 2' or, generally, by using 
the back scattered echo E2n from pulse 2n. 
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The signal representing the back scattered echo 
from the target region T under treatment by means of 
the therapeutic high intense ultrasound is presented as 
a frequency spectrum as disclosed in FIG 3 by analyser 

5 20. This spectrum comprises a first harmonic (fundamen- 
tal frequency) Al, a second harmonic A2 , a third har- 
monic and possibly further high order harmonics. The 
first, second and third harmonics have the frequency 
fO, 2f0 and 3f0, respectively. The amplitudes of these 

10 frequencies is represented by analyser 2 0 as shown in 
FIG. 2. 

Measurement of echo E2 is the first measurement 
and is designated 0, and the amplitude of three harmon- 
ics included in said echo are designated A10 at the 

15 frequency fO, A20 at the frequency 2f0, and A3 0 at the 
frequency 3f 0 

The measurement of echo E2 » is the second measure- 
ment and is designated 1. The corresponding three har- 
monics are designated All, A21 and A31. 

20 At measurement n of an echo caused by a diagnostic 

temperature measurement pulse 2n the three harmonics 
are designated Aln # A2n and A3n. 

The echo of the tracking end of the therapeutic 
pulse 1, 1' and In are indicated in FIG. 2 at El, El' 

25 and Eln and can be used as measurement pulses but it is 
preferred to use separate pulses 2, 2' and 2n for this 
purpose. Referring to FIG. 2 the first simplest quo- 
tient is calculated for each measuring point at El and 
E2 and for the Eln and E2n by the formula: 

30 quotient = (Amplitude of second har- 

monic/Amplitude of first harmonic) 
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or 

quotient = {Intensity integral of second harmonic/ 
Intensity integral of first harmonic) 

as illustrated in FIG. 3. 

By means of a program in the calculator 22 the 
quotient, 

Aln - A10 
A10 

is calculated, wherein A10 is the amplitude of the 
first harmonic before start of treatment and Aln is the 
amplitude of the first harmonic at measurement n after 
start . 

Another quotient, 

A2n - A20 
A2 0 

is calculated, wherein A2 0 is the amplitude of the 
second harmonic before start of treatment and A20 is 
the amplitude of the second harmonic at measurement and 
A2n is the amplitude of the second harmonic at measure- 
ment No, n after start. 

Calculations can be made for following measure- 
ments the measurement to provide the quotient for the 
second harmonic and the quotient between second har- 
monic and first harmonic 

A2n - A2 (n-1) 
A2 (n-1) 

were n-1 is the measurement just before measure- 
ment No. n. The invention is based on the findings that 
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the amplitude quotient of harmonics (as well as inten- 
sity, quotient based on the square of the amplitude) is 
dependent of the temperature change in the target re- 
gion during heating thereof. Thus it has been found 
5 that there is an almost linear relationship between the 
temperature change and the quotient 
AT = C x the quotient 

wherein C is a constant factor that is determined 
empirically and is specific for tissue type, depth of 
10 target region T, ultrasound intensity and frequency, 
and the sensor system applied . 

With reference to FIG 4 as an alternative to the 
amplitude quotient an integral quotient can be used the 
area of the peaks in the diagram down to the horizontal 
15 axis for the amplitude zero being used for the calcula- 
tion of the quotient 

Y21 - Y20 
Y20 

or as shown in Fig 5 the quotient is calculated by 
20 taking into account only the area above a noise level N 
which in many cases can be neglected if the signal to 
noise ratio (SNR) is large enough. The quotients used 
in the FFT calculations can be based on the amplitude 
from the echoes or the intensities from the echoes 
25 which is the square of the amplitude. The temperature 
of the target area relating to the measurements made is 
calculated on the basis of one of said quotients or a 
combination of several quotients. 

In experiments the inventor has based the calcula- 
30 tions on all types of quotient using all harmonics in 
different combinations to find the most sensitive com- 
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bination of one or many quotients. The above given ex- 
amples are the most frequently used quotients. However 
this is tissue dependent and must be experimentally in- 
vestigated from cases to cases. Depending on the result 

5 the non-invasive treatment is repeated under tempera- 
ture control according to the procedure described until 
the desired temperature in the target area T (tissue or 
inserted .artificial material) or a shell around the target 
area has been developed. 

10 Other non-linear calculation systems can be pro- 

posed in order to increase the precision of the calcu- 
lation of the temperature change such as 
AT = f unc t ion ( quot ient ) 

wherein the function has to be determined from 

15 case to case* 

In heating a stent covered by an ultrasound ab- 
sorbing and reflecting material such as polytetraf luoro 
ethylene, polyurethane or elastomer it should be possi- 
ble to measure in the range from 37 to about 55°c and in 

20 connection with treatment of cancer up to 85°C. For 

therapeutical treatment of e.g. muscles it is desired 
to measure up to 41°C in order to avoid a higher tem- 
perature . 

Preferred embodiments have been described in order 
25 to illustrate the invention but it is obvious to the 

man skilled in the art that these embodiments are exam- 
ples only and that modifications thereof can be made 
without departing from the scope of the invention as 
defined in the claims. 
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CLAIMS 

1. Method of non-invasive measuring of the temperature 
change of a target inside a body by transmitting an ul- 

5 trasonic pulse to the target, subjecting a pulse re- 
flected from the target to frequency analysis, and cal- 
culating the temperature change of the target there 
from, characterized in that a frequency spectrum of the 
reflected pulse is produced and that the calculation of 

10 the temperature change is effected on the basis of har- 
monics appearing in said spectrum, 

2. The method of claim 1 wherein the calculation in- 
cludes calculation of a quotient 

15 Akn - AkO 

AkO 

wherein AkO represents the size of a frequency peak of 
a harmonic of number k, based on amplitude or intensity 
as measured at an earlier moment and Akn represents the 
20 size of a frequency peak of said harmonic as measured 
at a later moment n. 

3. The method of claim 2 wherein the temperature change 
is calculated according to the relationship 

25 A - k * quotient 

wherein k is a constant determined empirically. 



30 



4. The method of claim 2 wherein the quotient is calcu- 
lated for different harmonics represented by frequency 
peaks in said spectrum. 
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5. The method of claim 2 wherein the size of the har- 
monic is represented by the amplitude of the frequency 
peak representing the harmonic in the frequency spec- 
trum . 

5 

6. The method of claim 2 wherein the size of the har- 
monic is represented by the surface defined by the fre- 
quency peak representing the harmonic in the frequency 
spectrum, 

10 

7. The method of claim 7 wherein the surface extends 
from a noise level defined by the frequency spectrum. 

8. Apparatus for non- invasive measuring of the tempera - 
15 ture change of a target inside a body comprising means 

for transmitting an ultrasonic pulse to the target, 
means for receiving a pulse reflected from the target 
means for frequency analysis of the reflected pulse, 
and means for calculating the temperature change of the 
20 target therefrom, characterized by means for producing 
a frequency spectrum of the reflected pulse, and means 
for calculation of the temperature change on the basis 
of harmonics appearing in said spectrum. 
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ABSTRACT 

Method and apparatus for non-invasive meas- 
uring of the temperature change of a target inside a 

5 body by transmitting an ultrasonic pulse to the target, 
subjecting a pulse reflected from the target to fre- 
quency analysis, and calculating the temperature change 
of the target therefrom. A frequency spectrum of the 
reflected pulse is produced and the calculation of the 

10 temperature change is effected on the basis of harmon- 
ics appearing in said spectrum. 

FIG 2 
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